Introduction and History
hypertension decreases venous return, increases systemic vascular resistance and intrathoracic pressure, and therefore
The abdominal cavity responds to a volume in- abdominal closure'' [3] . In 1911 Emerson introduced erate hypertension is defined as sustained elevation of [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] his readers to a series of elegant experiments with mmHg. Therapy is generally necessary. Surgical abdominal decompression may be critical. Severe hypertension or abthe statement that ''pressure conditions which exist dominal compartment syndrome is defined as sustained elewithin the peritoneal cavity'' had received insuffivation above 35 mmHg. Operative decompression is always cient attention [4] . Not much has changed since and indicated. The gap between the abdominal wound edges the topic is not covered in current textbooks of must be temporarily covered to prevent fascia retraction and surgery and critical care.
formation of a huge hernia. All detrimental effects of elevated intra-abdominal pressure and the methods and benefits of ischemia, acalculous cholecystitis, or postoperative pancreatitis and some forms of ischemic bowel. In the 1980s we saw reporting of the benefits of abdominal decompression [27] [28] [29] .
The first device that was specifically designed to temporarily decompress the abdominal cavity is the artificial bur. It became available in 1988 and was presented at the 1990 annual meeting of the Eastern Association for Trauma. Later various aspects of its use were published [30] [31] [32] [33] [34] [35] [36] [37] , while surgeons started recognizing abdominal hypertension and the abdominal compartment syndrome (ACS) as independent pathologic conditions from various causes that may lead to dysfunction of physiology [38] [39] [40] [41] [42] [43] [44] [45] . This overview summarizes current knowledge about the causes, consequences, and treatment options of intra-abdominal hypertension.
Definitions
The current literature uses terms such as abdominal compartment syndrome (ACS) [29, 38, 40, 41, 46, 47] , abdominal hypertension (AH) [48, 49] , and increased intra-abdominal pressure. While the term ''ACS'' acknowledges the abdominal cavity as a partment syndrome is a condition in which increased pressure in a confined anatomic space adversely affects the function and viability of the and connected extraperitoneal organ systems. It may improve with nonoperative therapy.
GRADES OF ABDOMINAL HYPERTENSION. Pressures below 10 mmHg are normal. Short pressure increases with coughing, Valsalva maneuver, defecation, and weight lifting are functionally normal too. The patients' premorbid physiologic reserves may severely compound the effects of pressure elevations on the above-mentioned functional impairments.
For practical purposes, one should differentiate between three intensity grades of increased IAP [46] . The crucial time frame to more precisely define the three stages is not yet known. Until further 40] , and peritoneal edema following resured as force per unit of area. At 0ЊC (32ЊF), stansuscitation for abdominal trauma; hepatic and dard sea-level pressure (1 standard atmosphere) is retroperitoneal hemorrhage (Fig 1) (Fig 1) . Theoexperiments, it was measured directly through a retically 1 ml of peritoneal thickening may contain metal cannula or a wide bore needle inserted into 15-18 L of fluid (see below). Closing the abdomen the peritoneal cavity and attached to a saline maunder these conditions becomes impossible.
nometer [4, [6] [7] [8] [9] . Indirect methods became popular Forcefully closing the edematous abdominal wall when IAP was monitored clinically for treatment over the protruding abdominal contents will result purposes and as a criterion for abdominal reexploin extreme tension, and already impaired functions ration [27] . will deteriorate. Positive pressure ventilation becomes necessary to maintain satisfactory oxygenDirect Methods. The preferred method in numeration, but it further increases IAP [51] . Abdominal ous experimental studies has been direct measurepacking to control severe intra-abdominal hemorment using an intraperitoneal catheter connected rhage may temporarily compress mesenteric veins, to a pressure transducer [22, 23, [59] [60] [61] [62] . Occasionally obstructing venous return and further increasing an inflatable bag was placed into the abdominal the edema [33, 57] .
cavity to produce and measure elevated pressure Abdominal hypertension is further seen in 18%
[63]. During laparoscopic procedures an automatic of elective laparotomies (exploratory laparotomies, electronic insufflator provides continuous monitorupper and lower gastrointestinal, and aortic operaing of pressure [64, 65] . tions) and in up to 40% of emergency laparotomies [39, 48] . Cardiac output increases first because abdominal and directly via peritoneal catheters were equal for veins are emptied upon sudden increase in IAP and pressures ranging from 5 to 70 mmHg [27, 60] . Simthen deteriorate [16, 19, 21, 23, 59 ]. Animals die from ple bedside manometry provides an easy, rough congestive heart failure. The magnitude of organ estimate of IAP. The tubing of the closed urine bag system dysfunction depends on premorbid physiocollecting system is lifted and urine flows back into logic reserves and various compounding factors. the bladder via the urinary catheter until equilibConditions associated with elevation of IAP are rium is reached. The height of the urine column listed in Table 1 . in the tubing measured in centimeters above the symphysis corresponds roughly to IAP (1 cm H 2 O Anatomic Basis ‫ס‬ 0.74 mmHg). A neurogenic or small, contracted bladder may render the measurements invalid [52] .
Indirect Methods
Abdominal Structures. There are five anatomically distinct structures associated with the abdoTransvesical Technique. IAP is best measured in men that may be subject to volume changes and the supine patient. The zero reference point is the modulate pressure. symphysis pubis. Fifty to 100 ml of sterile saline is injected into the empty bladder through a Foley catheter. The tubing of the drainage bag is cross-1. In solid intra-abdominal organs such as the liver and spleen, changes are generally slow and may clamped and a 16-gauge needle is inserted through the aspiration port and is connected to a water induce chronic abdominal hypertension. 2. Hollow viscus may increase in size acutely from manometer or pressure transducer. Alternatively, a T connector or a three-way stopcock is inserted traumatic or infectious inflammation, ileus, or bowel obstruction. between the catheter and the drainage bag.
3. Blood and lymphatic vessels may contribute acutely to the development of abdominal hyperMethod of Choice to Measure IAP for Clinical Use. The intravesical technique is reliable and easy tension when patient is fluid overloaded. This is most likely to occur during crystalloid resusciwithin a short time. This process further increases volume and pressure. tation for hemorrhagic shock and abdominal surgery (example shown in Fig 1) .
The peritoneum itself may absorb huge amounts
Abdominal Wall Compliance. Understanding the of fluid when inflamed. It consists of an outer dynamic relationship between volume and pressingle layer of mesothelial cells of varying archisure within the abdomen is important because after tecture, a middle layer of highly vascularized a relatively long period of compensation, deterioraloose connective tissue, and an inner layer of tion is due to limited abdominal wall compliance fascial structure (at certain locations described (Fig 2) . Compliance is structurally dependent on the a Gerota's fascia, Denonvilliers' fascia, processus stiffness of the peritoneum and its volume-pressure vaginalis, and phrenicoesophageal membrane) curve (i.e., compliance is not linear further volume increases and thus translates them directly into pressure increases. Pressure elevations above 50 torr during contraction of the abdominal In clinical reality it is difficult to attribute volume wall musculature are well tolerated for short periincreases to any of these five structures specifically.
ods (several seconds). Protracted abdominal hyperPeritoneal edema, dilated bowel, tumors, or fluid tension above 50 torr is inconsistent with life [46] . accumulations are the main reasons for increased intra-abdominal volume.
The peritoneum comprises a total area of approxSigns and Symptoms imately 1.8 m 2 , an area equal to that of the body surface. It covers all of the intestinal organs and the abdominal wall, the diaphragm, the retroperitoClinically abdominal hypertension with abdominal distention [29] and a tense abdominal wall presents neum, and the pelvis. When with inflammation the peritoneum increases only 0.5 cm in thickness, the with shallow respiration, an increased respiration rate, high diaphragms on percussion and auscultaperitoneal inflammatory edema may absorb about 9 L of fluid (1.8 m 2 ‫ס‬ 18,000 cm 2 ‫ן‬ 0.5 cm thicktion, poor urinary output, and increased central venous pressure. Intubated patients require inening ‫ס‬ 9,000 ml). Therefore an analogy can be drawn to the fluid shifts and associated systemic creased ventilatory pressure. Cardiovascular, respiratory, and renal dysfunction become progressively responses seen with burn injuries to the skin.
With its huge surface area, the peritoneum reacts difficult to manage unless the IAP is reduced [10, [83] .
Decompression reverses all changes. Pre-and postdecompression hemodynamics in 11 trauma patients are shown in Table 2 (Fig 6) . In tional impairments are nosologically grouped.
addition, functional narrowing of the inferior vena cava occurs as it leaves the abdomen at the diaCardiovascular System. Emerson [4] was the first phragm. The point of maximal narrowing of a tube to note the impact of increased IAP on cardiac funcalways occurs at the transition site from an area of tion. His animals died once the pressure had passed high external pressure (abdomen) into an area of a certain threshold. It is now well documented that low external pressure (thorax) [12, 59] . Moreover, increased IAP significantly decreases cardiac output anatomic obstruction of the inferior vena cava can and left and right ventricular stroke work and inoccur by the stretched diaphragmatic crura when creases central venous pressure, pulmonary artery increased IAP protrudes the diaphragm into the wedge pressure, and systemic and pulmonary vaspleural cavities. Decreased venous outflow from cular resistance [1, 16, 17, 19, 21, 22, 49, 51, 56, 60, 63 , the lower extremities during laparoscopic pneu-66,67, 72, 73, 77, [84] [85] [86] . The relationship between moperitoneum has been observed using duplex decreased cardiac output and increased IAP is ultrasound [90] . It is not known whether elevation shown in Figure 5 [22], which illustrates the percentof IAP induces deep vein thrombosis. Recently it age change (normal pressure 0-10 torr versus >50 was suggested that the reduced venous return from torr) of various hemodynamic parameters and the the lower extremities in morbidly obese patients correlation of these parameters with pressure augand in pregnancy my be due to increased IAP mentations [60] . [91] [92] [93] [94] [95] . Adverse effects develop gradually and are seen DECREASED CARDIAC OUTPUT AND INCREASED INTRATHO-RACIC PRESSURE. IAP increases intrathoracic pressure by elevating the diaphragm [96] . Consequently, ventricular filling pressure increases and cardiac compliance decreases. With increased IAP, the cardiac output falls and systemic vascular resistance rises. The blood pressure usually remains unaffected [21,22,59], although it may fall [16, 86] or rise [16, 47, 86] . The direction of response is influenced by the degree of the intra-abdominal hypertension and other compounding factors which are discussed below. Tachycardia is the common response to elevated IAP, compensating for the decrease in stroke volume in order to maintain cardiac output [16, 60, 72, 86] .
INCREASED SYSTEMIC VASCULAR RESISTANCE. The have not been elucidated but are likely to be due active nitric oxide deficiency (Fig 7) [1,13 fects of abdominal hypertension [51, 97] . Central of 5 ml/min has been observed with an IAP of 30 torr (after resection of a pelvic tumor), 34 torr venous pressure, pulmonary capillary wedge pressure, mean pulmonary artery pressure, and pulmo-(postgastrectomy), and 40 torr (after repair of a ruptured abdominal aneurysm and after a splenonary vascular resistance are considerably increased, and venous return to the heart is impaired, comprorenal shunt). The decrease in renal blood flow, glomerular filtration rate, urine output, and various mising ventricular compliance [ [85] . IAP of 15-20 mmHg may tion persists [66] . Renal dysfunction is also caused by compression of the renal vein, which causes produce oliguria; anuria ensues with higher pressures [5, 66, 77] . There are no good data published partial renal blood outflow obstruction [13, 17] . Compression of the abdominal aorta and renal arthat correlate abdominal hypertension with urinary output. To get an idea we compared data on seven teries contributes to increased renal vascular resistance [66] . Furthermore, direct compression of the patients [27] with controls (Fig 5) . A urinary output kidneys elevates cortical pressures, leading to ''renal compartment syndrome'' [52, 77] . Elevation of plasma antidiuretic hormone may represent another etiologic factor [98] . Ureteral compression can be excluded as the cause of diminished urine production with elevated IAP since oliguria was not prevented by placing ureteral stents [66, 76] . Direct interaction with glomerular filtration pressure has not been investigated. After decompression, significant improvements of urinary output, creatinine clearance, and osmolar clearance have been observed (Table 4 ) [85] .
Effects on Liver Function. Increased IAP is associated with a reduction in hepatic blood flow [15, 56, 63, 74, 99] . Hepatic arterial, portal, and microvascular blood flow are all affected (Fig 8) [74] . Trauma patients may be particularly susceptible be- cause shock-induced changes of intestinal vascular hepatic perfusion impairment with increasing intraabdominal pressure [74] .
resistance are an important determinant of portal Reduced perfusion of intra-abdominal arteries, veins, and lymphatics is well documented. Secondary effects such as changes in mucosal pH, bacterial translocation, bowel motility, production of gastro- fects of abdominal hypertension on the spleen, pancreas, adrenals, and reproductive organs are not yet known. blood flow and may be complemented by abdominal hypertension. It may be assumed that hepatic IMPAIRMENT OF ARTERIAL FLOW. Abdominal hypersynthesis of acute-phase protein, immunoglobulin, and factors of the other host defense systems will tension impairs intestinal blood flow (Figs 7-9) [1, 58] . Elevation in IAP results in decreased mesenbe impaired by reduced hepatic flow, further compromising response to massive trauma and diffuse teric arterial blood flow, intestinal mucosal blood flow [62] , and arterial perfusion of the stomach, peritonitis [50] . Detailed studies addressing the issue of reduced hepatic protein synthesis have not duodenum, intestine, pancreas, and spleen [63] . As IAP increases, mucosal pH falls, indicating severe yet been published nor is there information on the impact on wound healing. ischemia or necrotizing pancreatitis [62] . Compartment-induced impaired intestinal perfusion may be The impairment of healing of the abdominal wound after laparotomy (wound dehiscence and a critical factor in anastomotic healing. Abdominal hypertension probably plays a role in many of the wound infection, fascial necrosis leading to necrotizing fasciitis) has been attributed to the reduced organ dysfunctions of currently questionable etiol-ogy. Examples may be ischemic gastritis, acalculous cholecystitis or pancreatitis, colon ischemia, and some forms of bowel ischemia. These changes are greater than can be accounted for by the alterations in cardiac output [63] and also occur when cardiac output and systemic blood pressure are maintained at normal levels [16, 62] .
EFFECTS ON ABDOMINAL VEINS. IAP is transmitted to all abdominal and retroperitoneal veins (Figs 8 and  9 ). Brief elevations of IAP in cirrhotic patients cause increases in free and wedged hepatic venous pressures and increased azygous blood flow. Opposite changes occur with reductions in IAP [56, 74] . Whether increased IAP precipitates the rupture of esophageal varices remains controversial [11, 18, 56, 58] .
(B)
EFFECTS ON LYMPH FLOW. Lymphatic flow in the thoracic duct significantly decreases when IAP is elevated and promptly increases after abdominal decompression [100] . Stretching of the diaphragm decreases the volume of the diaphragmatic lymphatic lacunae, thus reducing transport of peritoneal fluid into the thoracic lymphatics [101] . TRANSLOCATION . High rates of translocation of bacteria to the regional lymph nodes have been observed when increased IAP reduces intestinal perfusion (Diebel LN, annual meeting of the Western Trauma Association, 1997). This factor may be significant in the development of infections and sepsis in patients with abdominal hypertension and may contribute to further septic complications, fuel- of 10-15 mmHg. When the intracranial pressure was increased, as seen with head injuries, it rose from 22 ‫ע‬ 1.8 torr to 27.4 ‫ע‬ 0.9 torr (p < 0.001). These increases were independent of changes in threshold for abdominal decompression in patients with combined injuries. Twenty percent of patients arterial pCO 2 or arterial pH. Bloomfield et al. [47] found that elevated IAP increased intracranial preswith severe abdominal injuries and 40% with severe head injuries were documented as having an associsure (7.6 ‫ע‬ 1.2 to 21.4 ‫ע‬ 1.0) and abdominal decompression returned intracranial pressure toward ated head or abdominal injury of the same magnitude [104] . Figure 1 shows a trauma patient whose baseline. Abdominal trauma in head-injured patients contributes to intracranial hypertension. Data abdomen was decompressed using the artificial bur. Diagnostic laparoscopy may increase intracranial support the notion that it is better to have a low to both increased myocardial oxygen consumption and myocardial ischemia or congestive heart failure in patients who are susceptible [86] . Similarly a moderate increase in IAP may suffice to cause anuria in a patient in hemorrhagic shock or when superimposed on chronic renal failure [17] .
The intravascular volume status of the patient is crucial; hypovolemia aggravates the effects of increased IAP, whereas volume expansion with intravenous fluids tends to compensate for the decreased venous return, maintaining cardiac output [21, 61, 66, 67, 74, 77, 86] . A similar effect is achieved by the Trendelenburg position. The additive consequences of PEEP ventilation were mentioned earlier [16, 19, 86, 97] . Cardiovascular disturbances causing a specific injury such as diaphragmatic rupture are [106] .
STAR closure device in place. The gap between the fascias can be adjusted to allow optimal decompression and still prevent the fascias from sideward retraction. As the pathology is reversed and the intra-abdominal pressure norTherapeutic Decompression malizes, the two bur sheets may be reapproximated by trimming excessive material off the sheet that carries the ''hooks.'' Note that the space between the subcutaneous Therapeutic decompression may be indicated in abdomen technique,'' indirectly dealing with ab-5 exploratory laparotomies, and in 1 of 2 aortic dominal decompression. While these studies focus operations. All were emergency operations. But on operative management of diffuse peritonitis, the even following elective abdominal operations, importance of decompression as part of the techpressure rose above 20 torr in 6 of 31 cases [48] .
nique is not appropriately acknowledged. Recent There was a strong association between death and publications analyzed 1,983 such cases [108] [109] [110] . abdominal hypertension, with greater than 20 torr in these patients combined [105] .
Nonoperative Decompression. Nonoperative Abdominal hypertension and hypovolemia have additive effects on hemodynamic dysfunction [23] .
decompression has been reported mainly for cirrhotic patients with ascites. Removal of ascites in Fluid overload, on the other hand, contributes to intra-abdominal volume and pressure augmencirrhotic patients to decrease IAP has been associated with a dramatic improvement in renal function tations. In an individual patient, the effects of increased IAP are not isolated but may be [28, 85, 89] , cardiac performance, and hepatic perfusion [14, 56, 88] . Sudden removal of a large volume of superimposed on multiple coexistent factors. Only a mild elevation in systemic vascular resistance may peritoneal fluid is hemodynamically safe in patients who are not volume depleted [111]. Bloomfield et severely compromise a marginally functioning myocardium; the elevation in afterload could lead al.
[112] recently presented a sophisticated device Tables 2-6 . After decompression, cardiac, respiratory, and renal function is immediately improved, controlled ventilation. As a measure to combat the expected reperfusion washout of by-products of anfollowed occasionally by transient episodes of hypotension [41, 42, [47] [48] [49] 67, 77, 81] . Immediate postaerobic metabolism, prophylactic volume loading with a crystalloid solution containing mannitol and decompression asystole has been reported in four cases (three fatal). It has been suggested that after sodium bicarbonate may be of benefit [113] . Use of vasoconstrictor agents during decompression to decompression, cardiac output increases while systemic vascular resistance decreases; hypotension prevent the sudden drop in blood pressure has been suggested [77] . After decompression, the abdomen occurs because the dilation of peripheral vessels is and the fascial gap is left open using one of the temCertainly leaving both fascia and skin unsutured (open abdomen technique) offers maximal reducporary abdominal closure methods mentioned below (Figs 10 and 11) . The postdecompressed tion in IAP, but it may result in high rates of fistula and evisceration [108, 109] . Bridging the fascial gap open abdominal wound must be hermetically sealed using the hypobaric wound shield, a self-adhering with prosthesis circumvents these problems. Absorbable and nonabsorbable, and porous and nondrape, under negative suction pressure, to prevent contamination of the abdominal cavity and to allow porous prostheses have been recommended in this situation with variable success [118] . Use of absorbfor measuring fluid and protein loss replacement (Fig 12) (Figs 1, 4, and 10 ). This device has also been approved by the European Union (EC Mark) and is available at www.HIDIH.com, Dörrebach, Germany [32, 35, 121] . The artificial bur closure consists of two adherent sheets of knitted synthetic fibers, each with clinging elements on one surface. When applied against each other, the sheets adhere together. At the end of the first operation (or the decompressive procedure) the two sheets are sutured with a running 0-nylon suture to the two edges of the abdominal fascia. The sheets are then applied against each other to effect temporary closure. The tension of the closure can be adjusted by increasing or decreasing the contact area between the two sheets (Fig 13) . During routine use of the artificial bur in more than 200 cases, we have never encountered an instance of ''decubitus-exposed'' intestinal fistula. Once the underlying pathology of abdominal hypertension is controlled, the abdomen can be closed fascia to fascia the same way as with a single noncomplicated laparotomy.
Reclosure of the Abdomen. Abdominal reclosure should be attempted only in well-resuscitated patients after tissue oxygenation has been restored and hypovolemia, hypothermia, and coagulopathy have been corrected. Ideally, in the absence of pressing indications for early reexploration (e.g., after packing or damage control) [55, [122] [123] [124] , the mary abdominal entry, when brisk diuresis, nega-Primary fascial closure during the initial hospitalization, however, may circumvent the above-mentioned problem. At reoperation, the two sheets of the artificial bur are peeled from each other and the abdominal cavity is thoroughly explored. Fascial edges are approximated provisionally and, if still under tension, IAP is measured. When excessive tension, documented by increased pressure greater than 20 torr, exists, the two sheets of bur are reapplied against each other. Usually, during reexploration, the contact surfaces of the two sheets can be decreased and the overlapping bur trimmed off, achieving a gradual decrease of the abdominal de-
fect, with final fascial closure during the next planned procedure. When the abdominal pressure is less than 15-20 torr with the fascias reapproximated, final closure can be attempted. Final closure assumes that the surgeon is satisfied with hemostasis, viability of the bowel, adequacy of necrotic tissue debridement, and the condition of suture lines, and that he is reasonably sure that a further laparotomy will not be necessary in the near future.
ACS and Peritonitis
Increased IAP as a side-effect of infectious abdominal catastrophes identifies a subset of patients with (Fig 3) [132] [133] [134] [135] or simple sponge and the intestine exposed. Following decompreszippers [132] [133] [134] . Because the retention sutures sion, tissue responds with hyperperfusion and looks left severe pressure marks on the abdominal wall much ''healthier'' with improved tissue perfusion. On the underneath the plastic plates that held the sutures left side of the wound, the loop sheet that covers the intestine and that is attached to the fascia is pulled side- (Fig 3) , the impact of increased IAP on physiology ways and in the upper wound corner there is a Kerlex was gradually more appreciated, and broad devices sponge that had been left from the previous abdominal for temporary abdominal closure were used reentry for purposes of debridement and packing.
[32,136]. The final development was the procedure we have termed STAR abdominostomy, where STAR stands for staged abdominal repair and abtive fluid balance, diminishing abdominal girth, and decreasing peripheral edema indicate a reduction dominostomy for the open abdomen. The abdominal cavity is closed using the STAR closure device in visceral and parietal abdominal edema. Often, however, the abdomen cannot be closed, and a as described above [110] .
A closer look at the various open abdomen techplanned ventral hernia may result. Treatment of such a hernia is subject to painstaking repair over niques, however, reveals no visible improvement. The mortality rate for 869 cases of open abdomilong periods, and disfiguring scars remain [125] . nostomy was 41.7% and it was 39.1% in 439 cases of mesh abdominostomy [108, 109] . A possible explanation for the lack of improvement may be that too many additional complications impaired the outcome of open abdominostomies. Intestinal fistulas formed in more than 16% of the open abdominostomy procedures and in more than 10% of the mesh abdominostomy operations [137] [138] [139] [140] [141] [142] .
The use of a mesh device for temporary abdominal closure in combination with planned relaparotomy (STAR abdominostomy) may circumvent the problems that were encountered by simply leaving the abdomen open. The mortality rate of 385
cases enrolled in 11 studies dealing with some sort of STAR abdominostomy was 28.1%, whereas in the conventionally operated control groups, the mortality was 44.2% [108, 109] . The studies analyzed did not give an answer to what would be the best device to cover the gap between the opened abdominal fascial borders. Ethizip is easily pulled apart and may open spontaneously in the ICU. The use of Marlex mesh with a zipper requires frequent resuturing of the zipper to the Marlex as abdominal edema decreases and fascial edges need to be reapproximated. Sheets of Gore-Tex and similar material are too small and not designed to be used for
only a few days. Also, Ethizip, the zippers, and the plastic infusion bags that are used in some institutions have not been approved by the FDA for medical use. The artificial bur, on the other hand, which was recently approved by the FDA, resists pulling forces of more than 100 lb and has never opened spontaneously in our hands. Trimming off to adjust for decreasing abdominal girth is very easy. It has been our device of choice [32, 35, 121] .
ACS and Trauma
Patients with multiple injuries or hemorrhagic shock from penetrating abdominal trauma are particularly susceptible to developing ACS. There are numerous reports in the literature addressing the issue and its therapeutic decompression [33, 55, [122] [123] [124] 143] . The compartment syndrome may be further aggravated if there is a need for immediate laparotomy to control hemorrhage. Once the abdomen is opened in these patients resuscitation fluid sequesters into the peritoneal loose connective tissue and bowel wall, leading to enormous protrusion of the intestines through the abdominal wound, as demonstrated in Figure 1 , where the protrusion is covered with the artificial bur. It is then impossible to close the 
